We demonstrated 10Gb/s bi-directional symmetric transmission based on polarizationdivision multiplexing with a centralized light source. One of two orthogonal polarization states carries downstream data while the other un-modulated state is used for upstream modulation. 
Experimental Setup
In the downstream link, the optical signal is split by the power divider. One portion is modulated by the downstream data (10Gb/s, PRBS 2 31 -1), and the modulated signal is polarization multiplexed with the un-modulated optical signal by the polarization beam combiner, shown in Fig. 2 . Then, the combined optical signals with orthogonal polarization states (TE+TM) are transmitted over 25km SMF to the ONU. At ONU, a small portion of signal is tapped for receiving downstream data. The last of the downstream optical signal is injected to R-EAM for the upstream data modulation.
In the ONU, the transmitted optical signal is re-used for the upstream link. The bi-directional optical amplifier before R-EAM compensates for the 25km transmission loss, the power splitting loss, and the insertion loss of R-EAM. The 10Gb/s PRBS electrical signal modulates the transmitted optical signal and generates two orthogonal modulated optical signals, depicted in Fig. 1 . To emulate a real situation, a different PRBS pattern, 2 7 -1, is used for the upstream modulation. As mentioned in the previous section, the downstream data is overlapped with the upstream data after uplink modulation, but the orthogonal state with CW optical signal carries only the upstream data. Therefore, after 25km upstream transmission, the optical signal with upstream data is easily taken out by the polarization filtering. 
Results
To evaluate the system performance, we measured the bit-error rate of 10Gb/s PRBS signal at the downstream and upstream link. Figure 3 shows the BER performance of back-to-back and 25km transmission. In this demonstration, upstream results are better than the downstream cases. This is because the optical launching condition is optimized at the upstream link where the modulated and un-modulated optical power was -4dBm and2dBm, respectively. If the optical launching powers of two orthogonal signals at CO are the same, it is difficult to achieve error-free transmission at the upstream link because the un-modulated signal cannot get enough modulation depth at R-EAM in ONU. By increasing the CW (un-modulated) optical power, the performance of the uplink improves while that of the downstream degrades due to the DC offset. This trade-off relationship is shown in Fig. 5 .
In each case,, the power penalty between 25km transmission and back-to-back results are compared. The power penalty is due to the backscattering from the transmission, the crosstalk over bi-directional transmission and the crosstalk between orthogonal channels, which occur during the uplink modulation. Among these factors, the backscattering is the dominant effect. However, the power penalty in the downstream case is higher than that of the upstream case because the polarization filtering reduces the backscattering in the upstream. Fig. 4 shows the eye diagrams measured at the receiver side. In the downstream case shown in Fig. 4(a) , the un-modulated CW signal gives the DC offset to the received signal as mentioned above. In the upstream case, the received signals look like noise shown in Fig. 4(b) because both modulated orthogonal signals are detected together. With proper polarization filtering, a clear eye opening in Fig. 4(c) is obtained.
However, in spite of the penalties described above, we achieved error-free transmission in both up-and downstream link with the proposed architecture.
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Conclusions
In this paper, we proposed a new architecture for bi-directional symmetric WDM-PON system based on polarization-division multiplexing technique and successfully demonstrated 10Gb/s bi-directional symmetric transmission with error-free BER performance. In the proposed architecture, the ONU is composed of the polarization insensitive and colourless devices and the polarization filtering to select the upstream signal is placed at the CO so that this system is practical. However, if several ONUs share the same optical wavelength as proposed for WDM/TDM-PON networks, it becomes challenging to realize the network with this idea as fast and complicated polarization tracking is needed. However, in this case, we could consider hybrid WDM/TDM-PON with the proposed idea. By introducing a remote node (RN), which manages several ONUs based on E-/G-PON, between CO and ONUs, we can implement the networks from CO to RN based on the proposed architecture and the last of the network is based on E-/G-PON network.
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